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isobars by interpolation between those already drawn on the 
mip, which new isobars shall represent the pressures, 27.99 
inches, 28.37 inches. etc., as given a t  the heads of the respective 
columns of the above titble. Where the new isotherm of 7 5 . 2 O  
iiitersects the isobar, 27.99 inches, we have a point that  nay 
be marked as belonging to the upper isobar of 15242 inches. 
Another point on this same isobar will be the intersection of 
the isotherin 63.7O F. with 58.37 inches; anotlier point will 
be the intersection of 52.7O with 28.74 inches, rtc. By joining 
these points, therefore, we have a t  once the upper isobar of 
15.82 inches. In  this way the lahorious computation is wholly 
avoided, and the entire process coiisists simply in drawing 011 
the original chart two new sets of isobars aiirl isotherms 
properly related to each other as required I)y the ahove tahle, 
so that by joiiiing the intersections of these new curves we a t  
once coustruct the upper isobars. 

Usually the principal source of uncertainty i n  the upper iclo- 
)jars ia due to the temperature assunied for the 2,500 meter 
level and i t  is very possible that  there may be an error of 
loo F. in this datuni ; the above table shows that such mi error 
will afl’ect the upper isobar by a\Jout 0.2 inch, l i t i t  the error will 
probably be quite symiiietrical over large regione and mill, 
therefore, not seriously affect the general contonr of t l i~se  
isobars or the gradients between them. 

Bearing in mind this uucertaiuty of the trinperature, the 
accoiilpanyiiig Chart 1’11 was constructed i n  1595, according 
to the above nietliod, from the charts given by Ruchan in his 
Repnrt 011 Atiiiospheric Circulation which is Part V of the 
Physics ani1 Chemistry of the second volume of the Scientific 
Results of the Voyage of H. AI. S. C‘hctllenger. I<uchan’s 
maps represent the iiorikial data for DeceniI~er for the 
Northerii Hemisphere. His isobars represell t pressures re- 
duced to standard gravity. In order to avoid confusion the 
Mea-level isobars and isotherms have Iieen omitted froin 
Chart VI1 and only the upper-level isobars for 5,000 meters 
are shown. These upper isolmrs evidently coustitnte a single 
system from the equator to the plJlar regions. The Hpecial 
oceanic low pressures, which are a marim1 feature in the 
North Atlantic and Nurtli Pacific iu Deceml~er, alniost cliRap- 
pear, being represented only hy a widening of  the upper iso- 
bars for a short distance between Iceland and France and in 
Bering Sea. On the other hand the continental areas of 
high pressure are now converted into siiiooth ieolmrs tending 
to low pressures. 

These upper isobars represent the result rather than the 
cause of the general circulation of the atmosphere. If i t  
were not for the irregular resistances and temperatures over 
the continents and oceans we should undoubtedly have sym- 
inetrical circular isobars representing a iiiaelstrom with the 
north pole a t  the centre and due to the general flow of the up- 
per air from the equatorial IAt toward and nroiiiid the polar 
regions. As i t  is, however, the warnier temperature, the niois- 
ture, and the absence of special resistances, over tlie North 
Pacific and the North Atlantic oceans, conibine with the low 
temperature, the dryness and the large resistaiic~s over the 
Eastern and Western continrnts, to prodiice winds that deter- 
iiiiiie an oval systeiii of upper isobars whose longest axis 
reaches from Hudson Bay toward the northweat over the polar 
regions into eastern Siheria and the valley of the Lena. If thr  
temperatureof the colnmri of air lias lJee11 assunied too low in 
the northern regioiis, n e  is rather likely, then our upper isobars 
may be a little too low and upper gradients too steep, 1)ut 
with due allowance for this uncertainty it Rtill remains trne 
that the presence of the great continents has distorted the 
syiniiietrical circles into very long ovals. The general path 
of a particle of atmosphere a t  this upper level can be ap- 
proximately estiniated from these upper isoliars ; i t  must be 
stertdily descending in its circulation aroilnd the Arctic 
regions and the principal places of descent iiinst Le over the 

continents, i. e. ,  in the valley of the Mackenzie and upper 
Missouri, as i t  tries to turn the sharp curve a t  the American 
end of the oval and, again, over northern Russia and Siberia, 
as it tries to turn the sharp curve in the upper isobars over 
China and Siberia. 

The study of these upper isobars explains the fact that the 
high pressure areas of North America in the first part of 
their coume are usually observed to move from the northwest 
while similar areas in Europe move a t  first from the south- 
west but afterwards from the west. The great area of high 
pressure and cold, clear weather that prevailed over southern 
Europe November 17-27, finally disappearing over Persia, is 
a good esaniple of such motion eastward; as a result i t  is 
quite potklile that this area may have brought to upper India 
light snow, followed hy cold, dry weather, about the 1st of 
Dweiiiher, 1S96. 

The upper currents over t l i ~  North Pacific drive a mass of air 
eastward or sontheastaard over Alaska and British America, 
where it settles down, and I y  reason of its greater cold- 
WSR, denei ty, aiid centrifugal force, is driven southwsrd as 
cold waves over the United States. Similarly, the strong 
wre t  current over the Nort,h Atlantic forces a iiiass of air over 
Sweden and Russia that must eventually spread sontheast- 
ward either as a “ h r a u ”  over Siheria and China, or as a 
cold wave over Prrsia into northern India. A t  the surface 
r~f the Eastern and Western contiiierits there is a flow of cold, 
dry air southeastward (soriietimes southwestward) that is the 
iiiecliauical conseqnence of the locations of the two oceans 
in  respect to these continents, IJY reason of whioh the west 
and soiithwest winds  have free sweep over the oceans on the 
west. By this arrangement Ferrel’s syiiiiiietrical circulation 
over nn ideal smooth globe, which ivonld divsys represent a 
couditiun of unstalde equilihriuni aiid nunierous discontinu- 
ous motions, is converted into an aliiiost &,ahle system of 
circulation dizring December, January, and February ; not 
indeed a perfectly stable, steady niotion, but an approxima- 
tion thereto which would doubtless become perfect if the 
will trr season lasted continually? 

THE TENNESSEE RIVER AND FLOOD SYSTEM. 

Mr. L. hl. Pindell, Weather Bureau oilserver, i n  charge of 
the Chattanooga station and TeniierJsee River aiid Flood Serv- 
ice, has just published a geueral report, with the permission 
of the Chief of the Bureau, and IJY means of funds contributed 
by the business nien of Chattanooga. The object of the re- 
port is to give the public all the inforniatioii collected, and 
to so classify the data that any one can use the same with 
success. Besides giving all detailed river data for ten sta- 
tions, rtud a special report on the flood of April, 1896, there 
are sonie in terestiiig general yaragraphs relative to other 
floocls, and the following: which we quote, relative to the gen- 
eral regimen of the Chattanooga watershed : 

The waters from Virginia and North Carolina  hell^ to feed tlie vol- 
iinie of the  Teniiesfiee River nt Chnttnnoogn, and eventually pass into 
the Cnmberlanil River nt Paducah, Icy. The French Broad, Holston, 
and C’linrh rivers are the  11liJSt importnnt fat ,tors iit furnishing the Ten- 

Iter water srcpply. The Little Teniiessee is also an important 
Jut the  rise in  this tributary, while of ronsidernble height and 
niice, does not affect the  ruain 1)otly of the  Tennessee River like 
ncli or Frenc4i Bronll. The Hiauahsee is n very quick a1111 rapid 

riting tributary. I t  smietirnes rises 10 to I? feet in one day, and falls 
froin li to 9 feet the  next. This river gtanernlly checks the falling ten- 
dency of the Tennessee. A henvy raiiifnll an11 a rnliicl rise over tlie 
Hiawssbee will only cause n rise of abuut 3 feet a t  Chattanooga. The 
hainage nren n h v e  Chnttanooga is 3,000 sq[i:Ere miles; 2,6(JIJ above 
[Xiiton; lG,2W abuve Kingston or Rockm uoil; 3,400 above Strawberry 
Plains; Y,300 aliove Knoxville; 11,500 above Louclon, and 2,200 aliove 

Under ordinnry conditions, that  is, when the ground is fairly moist- 
met1 aiid does not absorb very much of the rainfall, aiid when the  rain- 
En11 is geiieral over the  entire system, the rise a t  Clinton and Kingston 
nverages 3.Y feet for every inch of rainfall; 3.6 feet at Knoxville, Lou- 

C:llWll3StiJll. 
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don, and Rockwood; 3.8 feet at Charleston, and 4.9 feet at Chattanoo a. 
When a &foot stage is at Chattanooga, with the  ground moist, a n 3  a 
general and heavy rainfall occurs over the system, the first inch of rain 
will cause a rise of about 7 feet a t  Chattanooga, the  n e s t  3 inches ahout 
5 feet, and as  the river reaches the %-foot mark the rise is about 3.7 
feet to a n  inch; after it asses the  %-foot mark, or danger line, the  rise 
is less per inch of rainfaE, owing to the  lowlsnds that  are then flooded. 
At the  -IO-foot stage the  rise is 2.5 feet for every inch of rain; this is 
when the  rainfall is general and steady; but when the  rainfsll is ex- 
ceedingly heavy, anrl the  river is at a %-foot stage a t  Chattanooga, the 
average rise is about 4 feet to every inch of rainfall. This is t h e  aver- 
age based upon t h e  records from 1879 to  1695, but it har  been frequently 
noticed during t h e  past two years that  a general rain of fr(Jn1 1 t u  14 
inches over the  syhtem causes only a slight rise in  the Tennessee River 
and trihutaries, especiallv [luring the suwiiier ant1 fall mc~ntlis. The 
only solution that can hegiven for the  failure of the rivers to rise to 
t l ~ e i r  estiiuated height is because tlie grr~und al)sorbs a very large pur- 
tion of the  water and very little finds its way into tlie river c~hannel. 
It is also noticed tha t  t h e  river i n  t h e  past few yearb falls faster tlinn 
in  former years, and wlien it hegins to fall, half a n  inch ( i f  rainfall llas 
little weiglrt in checking its falling tendency. It 
tl.estruction of the  forests over the  headwaters aff 
river by exposing more albsorbing surface, while 
i i~ura l  of the  timber the  ground was always nioist ur wet, absorliecl 
very little of t h e  rainfall, and nearly all the water fount1 its way iiita) 
the  river, or, in  other words, the blanket has been removed. It will 
lie found to 1)e the  fact that  heavy rainfall over tlie south sitle of tlie 
Tennessee River will cause only a slight rise a t  (’lrattannoga, lint a 
heavy rainfall over the  northern side or entire river systrni will give a 
gre:rter ancl more rapit1 rise. A ribe at Clinton (distant by river 141 
Iliiles) takes about sixty Iiours tu  reach C‘hattanutiga; Kinpstun (95 
miles) and Ilockmood (S:; niiles), thirty-si\: huurs ;  Knoxville (154 
miles), fifty hours; L r i n ( l n n  (IO9 miles), forty Iiours; C‘liarleston (53 
miles), twenty-fuur hours. 

In most of the rivers of the world, the occurrence of a spe- 
cial high water a t  any particular station is usually found to 
result from the fact that  certain floods starting a t  dif-fereiit 
times in the different tributaries and flowing clown stream :it 
different riites of speed have arrived a t  the station alniost 
simul tnneously. We can but think that  t>hs destruction uf 
forests is a iniiior matter, and that  a concurrence of floods 
from the upper watersheds of the tributaries of the Tennessee 
is essential to the production of the highest floods a t  C1intt)a- 
nooga, such as that  of March 1, 1867 (58.05 feet), hI:irch 1, 
1875 (53.98 feet), March 11,1884 (42.5 feet), and April 3, 18S6 
(52.2 feet). On page 14 Mr. Pindell notes: 

That each successive high water since 1867 has 
previous one, ancl that this is evidently clue t u  the 
inents made on t h e  river by the United States En 
ilischarge of t h e  river at hotlr rising ant1 falliug st 
in 1893 Ly the  cifficials of thrlVeather Bureau. lVlien the  rive1 rendlen 
the 3-fuot stage that  is consitlerecl the  opening uf navigatii~ii \\ lien tlir 
river is risiug anrl the  closing of navigation wlirn it is f:clling. ’l’he 
totnl numl~er  of days when the  river w3s a t  or above tlie :;-ftJl)t stage 
has, during the  1mst seventrcn years, varied lwtween tn‘u Iiuiiilreil nnil 
ten an11 tliree liiindre(l atitl thirty-live ilsys:tk the  extreme limit\. (k- 
casionally tlie river is trozeii over a t  C’li:tttaiiuog:i, :ts fur instance J a i l -  
uary 12-14, IbM;  Jano:iry 14-22, lS93, mi(1 February 14, lSR5. Tlie x e i o 5  
of t h e  river gauges at the river gauge station al)ove iiientit)neil I i a  
following elevations aliuve ineitn sea level: Strawlierry E’lninb,  
feet; Knoxville, SOti.(iO; IAoutlun, 73i.10: Ruckwo~iil, tiCI!j.iO: ( ‘Irnttx- 
nooga, tW.l%l ; 0 1  inton, 78% :;o; i ngstori, 71 ?.So ; ( I a rl r s t  on, Uh4.OU. 

0 1 1  page 29 Mr. Pindell reprints a taldr and iiotr, first 1)iib- 
lislied i n  the Annual Report of  the Chief Signal (Miter, lh!)l,  
i n  which is given the water stages a t  C!lintoii aiitl the corre- 
sponding niaxiiiiniii water etages a t  Chattauooga two dnpt 
later. For instmce, a 5-foot stage a t  Clintoii is fc11lont.d Ijy 
a 6.2 stage nt Chattanooga, hut ti 45-foot stage a t  C‘liiitoir ly 
a 52.3 stago a t  Chattanooga. and proportionately at, i n t ~ r m e -  
diate stages, but these figures are liable to cuiisideralJle i r w g  
ularities becansr of the iinevenners of the rainfall o v ~ r  tlit 
valleys of this liigli region ancl the fact that so many triI)u- 
tnries must conspire to produce ,consideral~le high ~ a t e r  at 
Chattanooga. 

MEXICAN CLIMATOLOGICAL DATA. 
In order to extend the isobars and isotherms southward so 

that the students of weather, cliiiiate and storms in the United 
States may properly appreciate the influence of the conditions 
that prevail over Mexico the Editor has translated the follow- 
ing t d J h  from the current. nuuihers of the Eoletin Mensual 
as piil~lislied by the Central Meteorologicnl Olmervatory of 
Mexico. The data there given i n  iiirtric ineasures have been 
coiiv&cd into English nieasures. The I~arometric means are 
as given I J ~  iiirwxrinl JmroiiietPrs under the inflnence of local 
gravity, and thrref(Jr~? new1 reductions to standard gravity, 
dependiiig ~11011 both latitude and altitude ; tlie influence of 
the latter is rather uiicertaiii, hiit that of the former is well 
knc>wn. For the sake of conformity with the other data 
pulJlished in this REVIEW these corrections for local gravity 
have not IJet’n applied. One additional statioii, Tnlmlolmnpo, 
is puI,lishrcl a t  the end of Table 11. 

Me.rictoi t7uttc for Seplember, 1S9G. 

Statioun. 

.___ 

.......................... I *  C’ol  i In a. 
(hindalajara (Ohs. (1. Est.). . . . .  . ,  5.140.8 ..................... 

Leon. ....... .............. 
MIazxtlan ........................ 
Merida ......................... 
Mexico ( O ~ P .  Cent.) .  ............ 
Murelin (Seminarit,) ............ .I 
lhsaca ...................... 

................. 
Silao ............................ 
‘rtrcobaya (obs. Nac.) ........... 

I 

I i i c l i .  1 0 p.  
%.23 I 73.1 ..... .I i9.N 
24.97 G9.S 
23. tis Cfi.G 
%5.55 G’4.4 
24.15 G7.G 
2.3 68.2 ...... 81.1 
!2!4,$1 S . 8  
z4.*; 81.3 
23.07 w2.4 
2:3.:u; 02.4 
25.06 7l.G 
22.55 3i.4 
2 3 . E  tZ.1 
24 17 li7.d 
24.14 G ! ) . O  
:4.!21; XI, 2 
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22.55 63.3 

............ 

.......... 
1 .~___ 

* Tl i~se  altitudes have lleeii variously publislieil in 
clerical error h a  d s o  slipped into the IY~IONTHLT W 
lhiiatiuii will be yiveii as soon as possible. 
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P r e v l r i l l n g  
direction. 

sw. .......... 
UB. e. 
7Psw. w. 
11. .......... 
ne. 0. 

................... 

S. e .  .................... 
W. 0. 
ne. 1 m. 
U. ne. 
s. cue. 
uw. ne. 
ne. ne. .................... 
e. ......... 
e .  0. 
ne.  ne. .................... 
W. .......... .......... e ,  , . ~ : .  ...... 
_______ 
’‘ Roletiu,” and a 

w. A further 0x- 

.......................... 
s.14 msw. .......... 
4.01 s6e. A. 

7.47 e .  .......... 
3.46 sw. sw. 
1.52 Y. sw. 
4.61 ne. n. 

......................... 
4.13 SN. e. 

l . W  ue. ne. 
3.11 .................... .......................... 
...... 6o 1.; 
3.13 I t?. I .  ,. n .  

2.80 , W. 

......... .......... 

.......... 
3.23 . . . . . . . . . . . . . . .  

5.74 s e . t n .  I e .  

j lie. “1.; ........ 
sw.  

___  
- -  

For text descriptive of tables and charts s0e page 16. 
R E V 4  


